The aim of this study was to use the patterns analysis technique to investigate the grain yield of 13 common bean genotypes evaluated in 12 environments in the State of Mato Grosso do Sul, under presence of genotype x environment interaction (G x E). The trials were conducted between the years 2000-2006 at Universidade Estadual de Mato Grosso do Sul, Unit of Aquidauana, and at Faculdade de Ciências Agrárias da Universidade Federal da Grande Dourados. Have been identified nine groups of genotypes and environments. It were submitted the grain yield data to individual and joint variance analysis. Subsequently, it was performed the pattern analysis, which was made the cluster of genotypes and environments with similar patterns and its means grouping by Scott-Knott's test. The first two principal components of ordination analysis explained 56.6% of the total variation of G x E interaction data. Pattern analysis proved to be efficient in identifying groups of environments that discriminate similarly genotypes, genotypes with similar performance in all environments, and in the description of the genotypes stability patterns.
INTRODUCTION
In the common bean breeding programs, it is tested a large number of genotypes annually in different environments before its final recommendation and multiplication (CORRÊA et al., 2015) . However, in most cases, these environments are distinct, and there is an interaction between the genotype and environment (G x E), which affects the gain with selection and makes necessary to estimate the magnitude and the nature of this interaction. These estimates allow assessing the real impact of selection and ensure high reliability in the genotype recommendation for a specific place or environment groups (ROSADO et al., 2012) .
G x E can be defined as the differential effect of the environment on the genotypes or on the other hand, as the differential response of genotypes to environmental changes, manifesting itself in the form of gene expression (CHAVES, 2001) . Thus, the simple analysis of the interaction G x E does not provide complete and accurate information about the behavior of each genotype in various environmental conditions. It is necessary to realize adaptability and phenotypic stability analysis, in which the identification of genotypes with predictable behavior is possible, that are responsive to environmental variations in specific or broad conditions (CRUZ et al., 2014) .
Beyond traditional statistical methods used to evaluate, study and interpret the G x E is realized on the analysis of variance from the interaction (WRICKE, 1965) ; in the simple linear regression (EBERTHART; RUSSELL, 1966) and linear bissegmented regression (CRUZ et al., 1989) Watson et al. (1966) , GGE Biplot Analysis (genotype main effect + genotype environment interaction) which was developed by Yan (2001) , Artificial Neural Networks (NASCIMENTO et al., 2013; TEODORO et al., 2015a) and Bayesian perspective (NASCIMENTO et al., 2011; TEODORO et al., 2015b; BARROSO et al., 2016) .
Pattern analysis has been used in many multi-environment experiments demonstrating high efficiency (ABDALLA et al., 1996; REEDEN et al., 2000; LILLEMO et al., 2004 , KAYA et al, 2006 ZHANG et al., 2006) . According to Delacy et al. (2000) , data of genotype x environment obtained by multi-environment trials conducted over a wide range of environments, can be investigated by Pattern Analysis to identify genotypes with similar responses in all environments and environments that discriminate among similarly genotypes.
The technique it is based on the set and complementary use of classification and ordination techniques (cluster analysis and principal component analysis) to study different aspects of the genotypes response patterns. Cluster analysis summarizes the complexity of the data retaining most of the information by the cluster of varieties with similar performance in, relatively, few environmental groups that discriminate similarly cultivar performance .
Although it is disseminated worldwide, has not yet found any Brazilian studies that employed the pattern analysis. The aim of this study was to use the patterns analysis technique to investigate the grain yield of 13 common bean genotypes evaluated in 12 environments in the State of Mato Grosso do Sul, under presence of genotype x environment interaction (G x E). The trials have been deployed only in drought season, with the date of sowing ranging from one year to another, prevailing, however, dates between 10 to 20 April. The germplasm used in the trials except the IAC-Carioca Eté, came from the Germplasm Bank of EMBRAPA, Centro Nacional de Pesquisa de Arroz e Feijão (CNPAF -Goiânia-GO) and consisted of cultivars and advanced lines discriminated in Table 2 . The experimental design consisted of randomized blocks with three replications. The experimental unit consisted of two rows of plants with 1.50 m long each, spaced 0.50 m. The sowing furrows were mechanically opened and fertilization carried out according to the soil analysis data. The employed seeding rate was 15 seeds per meter, and was manually performed the nitrogen topdressing in the physiological stage V4, distributing in continuous thread next to the rows of plants 40 kg ha -1 N, employing as source urea or ammonium sulfate. When using urea it was incorporated to the soil surface so that nitrogen losses by volatilization were minimized.
MATERIAL AND METHODS

Have
The trials were kept free of the presence of invasive plants through hand weeding carried out between 15-30 days after emergence and the control of pests and diseases was conducted according to Zimmermann et al, (1996) . Both in trials in Aquidauana as in Dourados, it was carried out the irrigation using supplementary set of conventional sprinkler irrigation when needed. The harvest consisted of manual uprooting of the plants when it were fully dried and grain moisture content around 15%, which characterizes the end of stage R9. The uprooted plants were stacked in the field and threshed with flexible sticks.
We evaluated grain yield (YIE) considering the production of the harvested area in the plot transformed into kg ha -1 of grains. It was adjusted the grain yield for moisture 13% in grains. Initially, it was performed individual variance analysis for each environment, considering environmental and G x E interaction effects as random and the genotype effects as fixed, in order to determine the relative magnitude of the sums of squares attributable to the genotype, environment and G x E interaction effects. The scheme used in the individual variance analysis was the randomized blocks, which adopted statistical model was (CRUZ et al., 2014) :
, wherein Y ij is the value observed for the i-th genotype on j-th block; µ is the overall mean of the trial; g i is the effect of the genotype i; b j is the effect of the block j; ij ε : is the random error associated to observation Y ij .
Subsequently, it was found that the ratio between the largest and smallest mean square of the environments was less than seven, then being performed the analysis of variance, following the statistical model (CRUZ et al., 2014) :
Y ijk is the observation in k-th block of i-th genotyoe on j-th environment; µ is the overall mean of the trial; g i is the effect of i-th genotype; (b/a) jk is the effect of block k within j-th environment; a j id the effect of j-environment; ga ij is the effect of igenotype in j-environment; ijk ε is the random error associated to observation Y ijk .
Before proceeding the cluster analysis, the matrix of G x E interaction, containing the YIE trait data, it was transformed within environments, removing the main effects of environments with great significance and dividing the remaining effects within environment by the standard deviation . From transformed average matrices was computed a dissimilarity matrix (square matrix of Euclidean distance) for each genotype and environment. Standardization was made according to the expression: Y' i'j' = (Y i j -Y j )/Sd, wherein Y' i'j' is the standardized averages of the entries in environments j; Y i j is the observed average of the entries in environments j; Y j is the average of all the entries in the environment j; Sd is the phenotypic standard deviation in the environment j.
The standardization of environments leads to the grouping of those environments that are more similar in the way they classify genotypes (FOX; ROSIELLE, 1992) and, genotypes clusters formed with this standardization, contain genotypes which show similar performance levels. It was carried out the classification of cultivars and environments using an agglomerative hierarchical cluster method using the square of the Euclidean distance as a measure of dissimilarity. Ward's method, that uses the sums of squares increments was the method used in the cluster strategy for construction of dendograms. In this method, are joined the groups to minimize new groups of sum of squares (CRUZ et al., 2014) .
It was determined the classification effectiveness by evaluation of dividing the sum of squares among sources. It were truncated cultivars classifications for the sake of brevity, when 50% of the sum of squares of G x E interaction was retained in the reduced matrix (BYTH et al., 1976) . It were built dendograms based on the level of fusion to examine similarities in performance standards among genotypes (in response to environments) and environments (in discrimination for genotypes).
It was built a biplot using the singular value decomposition procedure (GABRIEL, 1971 ) and the averages of the genotypes clustered by Scott-Knott's method at 5% probability. Statistical analyzes were performed by the software GENES and CROPSTAR (IRRI, 2007) .
RESULTS AND DISCUSSION
In the joint analysis (Table 3) , all effects were significant (P≤0.01), which indicates the contrast among the environments and the occurrence of differential response of the genotypes to environmental effects. The environment was the source of variation that most contributed to the YIE total sum of square, indicating that the edaphoclimatic features of each environment significantly interferes in this trait. The pattern analysis allowed establishing that the reduction in size of the matrix data was 48.08% and the percentage of the total sum of squares of G x E interaction retained in the reduced matrix was 84.46%, well above, therefore, of the 50% set as a classification criterion (Table 3 ). The application of truncation levels where 50% or more of the sums of squares of G x E interaction were maintained led to the formation of nine environment groups, whose results of cluster analysis are shown in Figure 1 and Table 4 . The knowledge of the environments ordering and classification is an important prerequisite for the effective conduction of trials in representative environments. This procedure can reduce the number of trials, minimizing costs and still allowing the establishment of specific patterns for characterization and/or adaptation of genotypes. Means followed by the same letter in the same column belong to the same group by Scott-Knott's test at 5% probability.
The environments pattern analysis identified the environments, EA, ED and EE (group 1) and the environments EF and EG (group 14) as environments that discriminated similarly the genotypes. The others environments discriminated the genotypes in a specific way, reason why constituted isolated groups (Figure 1 ). The environments, EA, ED and EE refer to the locality of Dourados, the first two to rainy season and the last to drought season. The environments EF and EG, which also showed similarity in the discrimination of genotypes, refer to the growing in the drought season, in the agricultural years 2001/2002 and 2002/2003, respectively, in Aquidauana. The proximity of these environments in the dendrogram, whose joint levels put it in the same group, indicates macro and microenvironmental similarity to the common bean cultivation.
The result of the pattern analysis, classificatory for genotypes established nine groups, being only three with more than one genotype. The other genotypes with specific performances remained constituting isolated groups. These results are shown in Figure 2 and Table 5 . Means followed by the same letter in the same column belong to the same group by Scott-Knott's test at 5% probability.
Group 9 gathered genotypes with similar performance in all environments belonging to the same commercial group. The cultivars Xamego, Diamante Negro and the line CNF 4999-Rio Tibagi have grain with black coloring, being the first two grown in various producer regions. It can be observed however, that the mean of the cultivar Xamego, with the greater yield (2,037.2 kg ha -1 ), differed statistically from the means of the two other, which not differ from each other ( Table 5 ).
The group 8 also gathered genotypes with similar response in all environments belonging to the same commercial group. The cultivars Pérola and Carioca Eté are the carioca group and are widely grown in the production regions due to the good performance shown, however, in this study, both presented only regular performance within the evaluated set. Group 4 gathered the line CNFv 8025, black beans, and the cultivar Rudá, carioca beans, whose performance also differed by Scott-Knott's test (Table 5 ). Based on the presented results it can be inferred that the pattern analysis was efficient to come together into one group genotypes with simillar commercial features, which may be due to the existence of a narrow genetic base between it.
The first two principal components of ordination analysis explained 56.6% of the total sum of squares of G x E interaction, (Figure 3 ), significant percentage considering the quantitative nature of this trait. In biplot genotypes are represented by derivatives points of its scores for the first two principal components (IPC1 and IPC2) and the environments as vectors of the original biplots of its points. Analysis of environments groups allowed to identify the groups EI, EK and EL as the most unstable. The first two make up the group of the lowest means for YIE, while the latter comprises the group of the largest mean. The groups EH, EB and EF had intermediate instability. Is possible to identify in the biplot specific interaction among environments and genotypes, like ED and EMGOPA; EF and Aporé; EK, Rudá, EL and CNFv8025.
CONCLUSIONS
Pattern analysis proved to be efficient in identifying groups of environments that discriminate similarly genotypes, genotypes with similar performance in all environments, and in the description of the genotypes stability patterns.
It is possible to identify in the biplot by pattern analysis the genotypes EMGOPA, Aporé and Ruda as the most stable productivity, being recommended for cultivation in Mato Grosso do Sul.
